Objective: The maturation of adult-born granule cells and their functional integration into the network is thought to play a key role in the proper functioning of the dentate gyrus. In temporal lobe epilepsy, adult-born granule cells in the dentate gyrus develop abnormally and possess a hilar basal dendrite (HBD). Although morphological studies have shown that these HBDs have synapses, little is known about the functional properties of these HBDs or the intrinsic and network properties of the granule cells that possess these aberrant dendrites. Methods: We performed patch-clamp recordings of granule cells within the granule cell layer "normotopic" from sham-control and status epilepticus (SE) animals. Normotopic granule cells from SE animals possessed an HBD (SE + HBD + cells) or not (SE + HBD À cells). Apical and basal dendrites were stimulated using multiphoton uncaging of glutamate. Two-photon Ca 2+ imaging was used to measure Ca 2+ transients associated with back-propagating action potentials (bAPs). Results: Near-synchronous synaptic input integrated linearly in apical dendrites from sham-control animals and was not significantly different in apical dendrites of SE + HBD À cells. The majority of HBDs integrated input linearly, similar to apical dendrites. However, 2 of 11 HBDs were capable of supralinear integration mediated by a dendritic spike. Furthermore, the bAP-evoked Ca 2+ transients were relatively well maintained along HBDs, compared with apical dendrites. This further suggests an enhanced electrogenesis in HBDs. In addition, the output of granule cells from epileptic tissue was enhanced, with both SE + HBD À and SE + HBD + cells displaying increased high-frequency (>100 Hz) burst-firing. Finally, both SE + HBD À and SE + HBD + cells received recurrent excitatory input that was capable of generating APs, especially in the absence of feedback inhibition. Significance: Taken together, these data suggest that the enhanced excitability of HBDs combined with the altered intrinsic and network properties of granule cells collude to promote excitability and synchrony in the epileptic dentate gyrus. KEY WORDS: Hippocampus, Dentate gyrus, Epilepsy, Patch-clamp, Granule cells, Adult born granule cells, Two-photon, Burst-firing, Neurogenesis, Dendrites, Neurons, Mossy fiber.
SUMMARY
Objective: The maturation of adult-born granule cells and their functional integration into the network is thought to play a key role in the proper functioning of the dentate gyrus. In temporal lobe epilepsy, adult-born granule cells in the dentate gyrus develop abnormally and possess a hilar basal dendrite (HBD). Although morphological studies have shown that these HBDs have synapses, little is known about the functional properties of these HBDs or the intrinsic and network properties of the granule cells that possess these aberrant dendrites. Methods: We performed patch-clamp recordings of granule cells within the granule cell layer "normotopic" from sham-control and status epilepticus (SE) animals. Normotopic granule cells from SE animals possessed an HBD (SE + HBD + cells) or not (SE + HBD À cells). Apical and basal dendrites were stimulated using multiphoton uncaging of glutamate. Two-photon Ca 2+ imaging was used to measure Ca 2+ transients associated with back-propagating action potentials (bAPs). Results: Near-synchronous synaptic input integrated linearly in apical dendrites from sham-control animals and was not significantly different in apical dendrites of SE + HBD À cells. The majority of HBDs integrated input linearly, similar to apical dendrites. However, 2 of 11 HBDs were capable of supralinear integration mediated by a dendritic spike. Furthermore, the bAP-evoked Ca 2+ transients were relatively well maintained along HBDs, compared with apical dendrites. This further suggests an enhanced electrogenesis in HBDs. In addition, the output of granule cells from epileptic tissue was enhanced, with both SE + HBD À and SE + HBD + cells displaying increased high-frequency (>100 Hz) burst-firing. Finally, both SE + HBD À and SE + HBD + cells received recurrent excitatory input that was capable of generating APs, especially in the absence of feedback inhibition. Significance: Taken together, these data suggest that the enhanced excitability of HBDs combined with the altered intrinsic and network properties of granule cells collude to promote excitability and synchrony in the epileptic dentate gyrus. KEY WORDS: Hippocampus, Dentate gyrus, Epilepsy, Patch-clamp, Granule cells, Adult born granule cells, Two-photon, Burst-firing, Neurogenesis, Dendrites, Neurons, Mossy fiber.
The hippocampus is essential for episodic memory, 1, 2 and the dentate gyrus is proposed to support memory formation by discriminating between similar events to create independent representations through pattern separation. 3 Pattern separation involves the transformation of overlapping inputs into sparse independent representations. Sparse activity of the dentate gyrus is essential for this capability [4] [5] [6] and relies on unique properties of dentate granule cells, such as their specialized intrinsic properties and the strong attenuation of synaptic input. 7, 8 Moreover, dentate granule cells are integrated into powerful feed-forward and feedback inhibitory networks 9, 10 that are proposed to reduce their activity and create nonoverlapping ensembles. 4 The dentate gyrus is also a site of adult neurogenesis, where new neurones are produced by progenitor cells in the subgranular zone. These immature granule cells are characterized by their electrophysiological, morphological, and synaptic properties. 11 During maturation, these cells develop an apical dendrite, project to CA3, and integrate functionally into the network, acquiring morphological and electrophysiological properties indistinguishable from neighboring cells. The maturation of adult-born granule cells and their functional integration into the network is also thought to play a key role in the proper functioning of the dentate gyrus. 12 In temporal lobe epilepsy (TLE), a common characteristic is the process of reactive plasticity that results in alterations in the cellular as well as network properties of the dentate gyrus. For instance, granule cell mossy fiber axons sprout 13 and morphological studies have shown that mossy fibers form recurrent excitatory synapses onto neighboring granule cells.
14 This aberrant recurrent network has been proposed to synchronize granule cells and propagate hyperactivity through the network. 13, 15 In addition, new granule cells born at the time of an initial insult, such as status epilepticus (SE), develop morphological abnormalities, ectopic positions, and aberrant integration into the network 16 that may be pro-epileptic. 15, 17 The extent of the abnormality depends on the maturation state of the granule cell at the time of the SE. Mature granule cells appear relatively resistant to morphological changes. In contrast, however, granule cells born shortly after SE develop the most extensive abnormalities including ectopic location in the hilus, abnormal dendritic morphology, and mossy fiber sprouting, whereas granule cells born within 4 weeks before SE, migrate to the granule cell layer (normotopic) but develop hilar basal dendrites and mossy fiber sprouting. 16 Previous studies have examined the morphological and electrophysiological properties of the ectopic cells. 18, 19 In addition, morphological studies have shown that mossy fibers form synapses onto the hilar basal dendrites 20 of normotopic cells and, therefore, form a recurrent network.
However, despite the implication that normotopic granule cells with hilar dendrites contribute to a hyperexcitable network, the electrophysiological properties of these abnormal cells are unknown. Furthermore, the integrative properties of these aberrant dendrites, the proposed site of recurrent synapses, are unknown. The goal of the current study was, therefore, to characterize the electrophysiological properties of these granule cells with hilar basal dendrites as well as the recurrent network features of these cells, and, finally, to determine the integrative properties of their dendrites. We found that granule cells with basal dendrites fire bursts of action potentials and are a site of recurrent excitation. Furthermore, the basal dendrites support action potential back-propagation, and a minority are capable of dendritic spikes. These alterations in cellular and network properties would change the excitability of the dentate gyrus, supporting synchrony and hyperactivity.
Abbreviated Methods (for Full
Methods see Data S1)
Male Wistar rats (180 g,~6-weeks-old) were obtained from Charles River (Sulzfeld, Germany) and injected with pilocarpine (i.p.) to induce SE. Diazepam was administered 40 min following SE. Sham-control animals were treated identically, but were injected with isotonic NaCl solution instead of pilocarpine. All procedures conformed to the guidelines of the Animal Care & Use Committee at the University of Bonn and the European Communities Council Directive (86/609/EEC).
Hippocampal slices were obtained using standard procedures between 4 and 10 weeks after SE and transferred as needed to a recording chamber (see Data S1). All cells were clearly in the granule cell layer (i.e., "normotopic"), and we targeted cells in the first third of the granule cell layer that displayed a more oblong shape or observable basal process.
Somatic whole-cell current-clamp recordings were made with a BVC-700 amplifier (Dagan Corporation). Active and passive properties were determined from standard procedures (see Data S1). Antidromic stimulation was performed using bipolar stimulating electrodes placed on the surface of a hippocampal slice in the stratum lucidum of the CA3 region.
Two-photon glutamate uncaging at dendrites of dentate granule cells was performed using a microscope equipped with a galvanometer-based scanning system (Prairie Technologies) to photorelease 4-Methoxy- 
Results

Linear-input integration in granule cell apical dendrites
We first probed the integration of inputs onto the apical dendrites of granule cells from both sham-control and chronically epileptic animals using multisite two-photon glutamate uncaging of MNI-glutamate (Fig. 1) . In response to two-photon glutamate uncaging on an apical dendrite (Fig. 1A) , single individual spines elicited unitary excitatory postsynaptic potentials (EPSPs) ( Fig. 1B ; also see below and Fig. 2E,F) . The properties of unitary EPSPs elicited by two-photon glutamate uncaging on individual spines over the length of the apical dendrite did not differ significantly between sham-control and pilocarpineinduced SE animals (20-80% rise time was 2.6 AE 0.2 and 4.1 AE 0.7 msec, respectively; decay tau was 41.8 AE 4.4 and 43.1 AE 5.1 msec in granule cell apical dendrites [n = 11 and n = 10 branches] from sham-control and pilocarpine-treated animals, respectively; also see Fig. 2E , F). Although our data show no significant difference in the 20-80% rise time of EPSPs in apical branches following SE, the rise time did tend to be slower in epileptic animals (one-way analysis of variance [ANOVA]: for 20-80% rise time F 2,29 = 3.06, p = 0.06; followed by Tukey posttest p < 0.08 for the difference between sham-control and SE + HBD À ), reminiscent of the slower rise times reported previously. 19, 23 Near-synchronous stimulation of up to 15 spines on individual apical dendritic branches elicited compound EPSPs (Fig. 1B) . These measured EPSPs were compared to the expected EPSP responses calculated as the arithmetic sum of the underlying individual spine EPSPs (Fig. 1B) . The relationship between the measured near-synchronous EPSP and the expected EPSP was linear, with a slope typically greater than unity (Fig. 1C ). 8 The average gain from linear fits to each individual dendrite was 1.14 AE 0.12 (n = 11 dendrites from nine cells), and the linear fit to the average of all responses was 1.10 (see Fig. 1C ). In apical dendrites of granule cells from SE-experienced animals (SE + HBD À [hilar basal dendrite] granule cells), integration of near-synchronous EPSPs was also linear with a gain not significantly different from sham animals (1.09 AE 0.06 in n = 10 apical dendrites of n = 10 granule cells from epileptic animals; Fig. 1D-F) .
Back-propagating action potential-evoked Ca 2+ transients To further assess potential changes in the properties of granule cell dendrites, we examined dendritic Ca 2+ transients caused by back-propagating action potentials (bAPs) using two-photon Ca 2+ imaging at various locations along the dendrite (Fig. 1G) . Somatically elicited action potentials evoked large Ca 2+ transients in proximal dendrites that were attenuated with increasing distance (Fig. 1H,I ), as described previously. 8 In apical dendrites of granules cells from epileptic animals, bAP-evoked Ca 2+ transients were significantly augmented in the proximal dendrite of granule cells from epileptic animals, but then attenuated with distance, similar to that observed under sham-control (see Fig. 1I ).
Taken together, these data suggest that the integration of inputs onto apical dendrites is not substantially changed between sham-control and epileptic animals. bAP-evoked Ca 2+ electrogenesis strongly attenuated along the apical dendrites in both sham-control and epileptic animals, although Ca 2+ transients were significantly enhanced in the proximal apical dendrite from epileptic animals.
Linear and supralinear integration in hilar basal dendrites
In contrast to granule cells from sham animals that exhibited only apical dendrites, in epileptic animals, a minority of granule cells exhibited basal dendrites that extended into the hilar region 14, 20 (SE + HBD + granule cells, see Fig. 2A ). Interestingly, in cells where the axon was clearly identified, the axon emanated from the basal dendrite in 13 of 21 cells (see Fig. 2A , inset), reminiscent of findings in CA1 pyramidal neurones from control animals. 21 In addition, because the integrative properties of HBDs were unknown, we examined input integration using multiphoton glutamate uncaging (Fig. 2B) . In most HBDs (9 of 11), synchronous input was integrated linearly (Fig. 2B) , and the gain was 1.18 AE 0.11 ( Fig. 2C ; n = 9). There was no statistically significant difference in gain between these HBDs, or apical dendrites in sham-control or epileptic animals ( In 2 of the 11 HBDs, we surprisingly observed supralinear integration of synchronous input mediated by dendritic spikes (Fig. 2G,H) . Even though this phenomenon was observed in only a minority of dendrites, we describe it further here, as supralinear integration was previously never observed in apical dendrites from sham or epileptic animals À apical dendrites, the bAP-evoked Ca 2+ transients were significantly augmented in the proximal dendrite, but then attenuated with distance in the more distal dendrite (two-way ANOVA F 2,59 = 17.66, p < 0.01, followed by Bonferroni posttest; **p < 0.01 for the comparison between sham-control and SE + HBD À at the indicated distance). Epilepsia ILAE (total of n = 21 and 47 apical dendrites examined from this study and from Krueppel et al., 8 respectively). Dendritic spikes manifested as a sudden supralinear deviation in the EPSP amplitude and had a stereotypical waveform consisting of a fast followed by a slow phase (Fig. 2I,J) . The fast phase exhibited a dV/dt of >2 V/s (Fig. 2I) , similar to that seen in CA1 neurons. 8, 21 Back-propagating action potential-evoked Ca 2+ transients In basal dendrites, bAP-evoked Ca 2+ transients (Fig. 2K , L) were significantly augmented in the proximal basal dendrite, similar to that seen in apical dendrites from epileptic animals. In contrast to apical dendrites from both sham-control and SE + HBD À cells, bAP-evoked Ca 2+ transients were significantly better maintained along the basal dendrites of granule cells from epileptic animals (Fig. 2M) .
Collectively, these data suggest that HBD + granule cells express a hilar input system with enhanced Ca 2+ electrogenesis to bAPs in the distal dendrites, which can occasionally exhibit a highly unusual potential for supralinear integration.
Output generation of granule cells from chronically epileptic animals
We next asked if action potential output generation of granule cells is altered. In these experiments, we segregated cells into those obtained from sham-control animals, and SE-experienced animals with or without HBDs (SE ; see Table 1 ). As the firing mode of CA1 pyramidal neurons changes from regular-to burst-firing in chronic epilepsy, 22, 24 we examined changes in the firing pattern of granule cells. We noted that granule cells from epileptic animals in many cases tended to exhibit a burst-like firing pattern with a clustered set of 2-3 initial action potentials (see Fig. 3D , and examples in Fig. 3E ). To quantify this phenomenon, we devised a calculation of the burst ratio. A histogram of this ratio from all recorded granule cells was fit by a double Gaussian (see Fig. 3E ). The first Gaussian displayed a clear peak at 1.5, reflecting regular-firing cells. Nonregular burstfiring cells were defined as having a firing ratio of >3, which was >0.001 above the top-tail of the Gaussian for regularfiring cells. The instantaneous firing frequency of the first two APs for regular-firing cells was 61 AE 5.3 Hz under sham-control conditions. As expected from the higher bursting ratio, burst-firing cells had a higher firing frequency, typically >100 Hz (see Fig. 3F ). It is notable that the fraction of burst-firing granule cells increased significantly in chronic epilepsy: 45% of SE + HBD À cells and 63% of SE + HBD + cells were classified as burst-firing, compared with 16% of cells from sham-control animals (Fig. 3G ,E insets). Of interest, comparing regular-firing vs. burst-firing cells within the different experimental groups showed that there was a significant influence between the bursting behavior of the cell and the amplitude of the fast afterhyperpolarization (AHP), such that the fAHP was reduced in burst-firing cells (Fig 1H) , even though there was no effect of chronic epilepsy.
In summary, these results showed that in contrast to the input integration of granule cell apical dendrites, which was largely unaltered, granule cell output generation was changed in chronic epilepsy. A significant fraction of granule cells were converted to a high-frequency bursting phenotype in epileptic animals, irrespective of whether they were endowed with an HBD. 
Granule cells with HBDs receive recurrent excitatory input
The sprouting of granule cell mossy fibers in the dentate gyrus is a prominent feature of epilepsy that results in the formation of a recurrent excitatory input onto granule cells. 14, 20 We next investigated if the presence of an HBD results in larger recurrent excitation. The recurrent network was activated by antidromic stimulation of Fig. 4A ). Antidromically stimulating a population of granule cells in sham-control animals activates feedback inhibitory interneurons, which in turn elicit an inhibitory postsynaptic potential (IPSP) in the recorded granule cell (Fig. 4A) . In addition, recurrent excitatory connections elicit EPSPs in the recorded cell (Fig. 4A) . In sham-control tissue, the antidromically induced IPSPs were abolished by inhibition of c-aminobutyric acid (GABA) A receptors ( Fig. 4B ; at stimulation intensity of 800 lA À4.6 AE 0.68 mV and À0.1 AE 0.1 mV in the absence and presence of 10 lM gabazine, respectively; n = 11; p < 0.01 Student's paired t-test), and the isolated antidromically evoked IPSPs were calculated by subtracting the response in the presence of gabazine from the control response (Fig. 4B ). The amplitude of the isolated feedback IPSPs over the stimulation range did not differ significantly between the different groups ( Fig. 4C) 
Recurrent EPSPs elicit action potentials
Recurrent excitation in chronic epilepsy is thought to synchronize the activity of granule cells by driving the postsynaptic cells to fire action potentials. 15 We investigated if, under our conditions, the recurrent EPSP was sufficient to activate granule cells.
Antidromic stimulation of mossy fibers in slices from sham-control animals elicited IPSPs, and inhibition of the IPSP did not typically reveal a recurrent EPSP (Fig. 5A) . In epileptic tissue, in contrast, antidromic stimulation elicited a compound waveform composed of an EPSP followed by an IPSP. However, the recurrent EPSP rarely elicited an AP in the presence of inhibition (Fig. 5B,C (Fig. 5B,C) , increasing the number of cells with EPSPs and with recurrently driven action potentials (Fig. 5D) . Consistent with the involvement of recurrent mossy fiber connections, DCG-IV (1-5 lM; (2S,2 0 R,3 0 R)-2-(2 0 ,3 0 -dicarboxycyclopropyl)glycine) inhibited both EPSPs and action potentials in both cell types (see Fig. 5B ,C; n = 3 in both SE + HBD À and SE + HBD + cells). These data suggest that although granule cells from epileptic animals received recurrent EPSPs, the presence of feedback inhibition was usually sufficient to prevent the cell from being activated.
Discussion
Here we characterize the cellular and network properties of granule cells following epilepsy, and for the first time report the functional properties of granule cells with HBDs from chronically epileptic animals. We found that the integration of synaptic input on granule cell apical dendrites is similar between sham-control and epileptic animals. However, output generation of granule cells from epileptic animals was altered, irrespective of whether they possessed an HBD. Granule cells from epileptic animals exhibited a higher likelihood to fire high-frequency bursts of APs. Moreover, both SE + HBD À and SE + HBD + cells received increased recurrent excitation. Finally, although synaptic input onto HBDs was linearly integrated in a majority of cells and similar to the apical dendrite, a minority of HBDs elicited dendritic spikes to synchronous input. Taken together the data suggest that the cellular and network changes following epilepsy may collude to promote synchronized activation of granule cells via recurrent input.
Increased burst-firing output
Under control conditions in vitro, granule cells usually elicited regular-firing APs, but we also observed a minority of cells capable of high-frequency bursts of APs. Furthermore, the induction of SE increased the number of normotopic granule cells that elicited burst-firing. 18 In CA1 neurons, a more dramatic increase in burst-firing was observed following SE and attributed to increased persistent Na + currents (I NaP ) and T-type Ca 2+ channels in the dendrites. 22, 24 We did not systematically investigate the currents underlying burst-firing in granule cells. Furthermore, we did not investigate dendritic properties using direct dendritic patch-clamp recordings, although the increased bAPevoked Ca 2+ transients in the proximal apical and basal dendrites of SE + HBD À and SE + HBD + cells indicate an enhanced dendritic electrogenesis that may contribute to burst-firing. 25, 26 However, previous studies have shown that in granule cells from epileptic tissue, the amplitude of low voltage-activated Ca 2+ currents was augmented, 27 whereas the amplitude of I NaP was reportedly not increased. 28 In addition, spike after-hyperpolarizations are known to modulate firing pattern and excitability in granule cells. 29, 30 We found that the fAHP was reduced in the burst-firing normotopic granule cells from epileptic animals, consistent with the type II granule cells found in epileptic tissue from patients. 31 The reduction in the fAHP we observed is consistent with decreased expression of BK channels in epileptic tissue, which underlie a large portion of the fAHP.
32,33
Epilepsia, 58 (1) + groups, fast afterhyperpolarization amplitudes were significantly smaller in burst-firing granule cells, compared with regular-firing cells within the same group (F 1,69 = 15.65, p < 0.01, two-way ANOVA followed by Bonferroni posttest; *p < 0.05 and **p < 0.01). There was no effect of chronic epilepsy (F 2,69 = 1.483, p = 0.23, two-way ANOVA). Epilepsia ILAE The increased burst-firing observed in granule cells from epileptic animals increases the input-output response of granule cells to brief depolarizations. Furthermore, the burst-firing would be expected to have large effects on the capability of granule cells to effectively discharge downstream CA3 pyramidal cells, due to the pronounced paired-pulse facilitation at mossy fiber-to-CA3 cell synapses, 34, 35 compared with the depression observed at mossy fiber-to-basket cell synapses. 36 
Dendritic integration
Our data show that input integration in apical dendrites is unchanged in chronic epilepsy. Summation of synchronous inputs was mainly linear in control and epileptic animals. However, we did observe supralinear integration via dendritic spikes in a minority (~20%) of HBDs. This is surprising as supralinear integration was never previously reported in granule cell dendrites. Even though only a minority of HBDs showed supralinear integration, these results suggest that this subpopulation is capable of a fundamentally different integration mode. An increased excitability of HBDs was also supported by the better maintenance of bAPevoked Ca 2+ transients along the basal dendrite, in contrast to apical dendrites. Although bAP-evoked Ca 2+ transients are only an indicator for the invasion of bAPs, a previous study has shown that both bAP-evoked Ca 2+ transients and bAP, recorded with direct dendritic patch-clamp recordings, were strongly attenuated along the proximal apical dendrites. Direct dendritic patch-clamp recordings are not feasible from granule cells of epileptic tissue, but our data predict that the attenuation of bAPs may be less pronounced in the proximal apical and basal dendrites of granule cells from epileptic animals, compared with sham-control. However, the data additionally suggest that bAPs invade further , but both failed to reach significance when corrected for multiple comparisons. Epilepsia ILAE into the distal basal dendritic arbor, in contrast to the apical dendrite.
Two further features merit consideration. First, in >50% of SE + HBD + cells, the axon emanated from the basal dendrite. This is potentially relevant because in control CA1 neurons, inputs onto axon-carrying dendrites are more efficient than onto other dendrites in generating action potential output, frequently via generation of dendritic spikes. 21 Second, HBDs in turn receive primarily recurrent input from mossy fiber axons. This suggests the creation of excitatory mossy fiber axon-HBD feedback circuits, which could create highly amplifying granule cell subnetworks. 37 
Increased recurrent excitation
We 14 However, functional studies are limited, and a recent study on genetically labeled adult-born granule cells, which did not have a HBD, suggested reduced excitatory drive in these SE + HBD À cells, compared to granule cells from control animals. 38 However, this was a reduction in overall excitatory drive; recurrent excitation was not specifically examined. In primates, a minority of granule cell possess HBDs under control conditions, and granule cells with HBDs exhibited increased recurrent excitatory/inhibitory ratio compared with neighboring granule cells. 39 
Functional implications
The ability of the dentate gyrus to separate similar input patterns into nonoverlapping distinct representations is dependent on the intrinsic properties of granule cells and its network features. Adult-born granule cells are continually added to the network, and under control conditions these cells develop to be indistinguishable from mature cells. The correct maturation of these adult-born granule cells into the dentate network is thought to contribute to acquisition of new memories and pattern separation. 3 In contrast, adultborn granule cells maturing during a status epilepticus, develop altered intrinsic, morphological, and network properties.
Recurrent excitatory input onto both SE + HBD À and SE + HBD + cells is predicted to degrade the separation of distinct assemblies. 3 Moreover, recurrent input may result in AP output during periods of reduced inhibition, such as that reported during epileptogenesis, 40 or during specific behavioral states such as slow-wave sleep. 41 Even in the presence of intact inhibition, recurrent input onto SE + HBD + cells may resist inhibitory control, as some basal dendrites were capable of generating strong d-spikes 42 and/or were directly coupled to the axon. 21 Finally, the increase in high-frequency output of epileptic granule cells will more likely propagate to CA3, 35 and possibly recurrently activate neighboring granule cells. Taken together, the data suggest that the altered intrinsic, dendritic, and network properties of granule cells collude to promote excitability and synchrony in the epileptic dentate gyrus. Furthermore, the altered properties of the dentate gyrus may contribute to the known memory deficits in epileptic patients 12 as well as the generation of ictal events.
